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Introduction
The recent boom and bust in commodity prices has renewed the policymakers' interest in causes and consequences of commodity price instability. This concern is of particular importance for developing countries (DCs), which are frequently vulnerable to this instability. Hence, it is also a central issue for OECD countries to design their aid policy in G8 and G20 forums where a better world economic regulation is targeted. High vulnerability of DCs to commodity price instability comes from a combination of three aspects: a) a large share of exports earnings is drawn from commodities, b) a significant share of imports bill consists in food and oil products, c) a large share of public revenues relies on external trade (tariffs and VAT on imports). Therefore DCs frequently face sharp drops in their exports earnings, sudden rise in their import bill, and sometimes food crises. This vulnerability is reinforced by the weakness of the tools available to DCs to smooth revenues fluctuations (low resilience to shocks).
Existing literature on commodity prices studies three issues: i) the characteristics and determinants of commodity price instability, ii) its macroeconomic effects and, iii) the optimal policy responses to this instability. The first stream of literature (i) has identified some stylized facts about real commodity prices (Cashin et al., 2002; Deaton, 1999) : a strong asymmetry of prices cycle (a longlasting downward trend is followed by a sharp upward) (Deaton and Laroque, 1992) , a high persistence of shocks (Cashin et al., 2004) , and a strong correlation between commodity prices theoretically unrelated (Pyndick and Rotemberg, 1990) . Supply and demand constraints as well as commodity markets mechanisms have been explored to explain these characteristics (Deaton and Miller, 1996; Akiyama et al., 2003) . The third stream of literature (iii), dedicated to the appropriate policy responses to commodity price instability, has highlighted the difficulty to either tackle the causes of instability or to offset its impact but proposed several instruments such as buffer stocks, buffer funds, international commodity agreements to stabilize prices, government intervention in commodity markets, use of commodity derivative instruments (Guillaumont, 1987; Larson et al., 1998; Varangis and Larson, 1996) . This work falls within the scope of studies dedicated to the macroeconomic effects of commodity price instability (ii), but focuses on the impact on public finance, while existing works were concentrated on growth 1 . The existing literature has produced controversial conclusion. Basically, most papers found that commodity prices shocks (and more generally trade shocks) have significant detrimental effects on growth through the investment channel (Blattman et al., 2007; Bleaney and Greenaway, 2001; Collier and Goderis, 2007; Kose and Riezman, 2001 ) while others argue that the impact on investment and growth is either small (Raddatz, 2007) or highly conditional to national institutions (Deaton and Miller, 1996) . Only few studies explored sectoral effects of commodity prices: agricultural production (Subervie, 2008) , public finance (Kumah and Matovu, 2007, Medina, 2010) . This paper aims at analyzing the impact of commodity price volatility on tax revenues. It differs from the few previous studies dedicated to this issue on two main aspects. First, we test the impact of commodity price volatility rather than focusing only on price levels. Second, we use disaggregated data on tax revenues (income tax, value added tax and trade tax) and on commodity prices (agricultural products, minerals and energy) in order to identify transmission channels between world prices and public finance variables (meso-analysis). Our empirical analysis is carried out on 90 developing countries over 1980-2008. We compute an index which measures the volatility of the international price of 41 commodities in the sectors of agriculture, minerals and energy.
We find robust evidence that tax revenues in developing countries increase with the rise of commodity prices but that they are hurt by the volatility of these prices. More specifically, increased prices on imported commodities lead to increased trade taxes and (to a smaller extent) consumption taxes being collected. Export prices are also positively associated with tax revenue collection, in large commodity-exporting countries, but the channel is through income taxes and non-tax revenues. However, the volatility of commodity prices, both of imported and exported commodities, is negatively affecting tax revenues. These findings point at the detrimental effect of commodity price volatility on developing countries public finance and highlight further the importance of finding ways to limit this price volatility and its adverse effects.
The remainder of the paper is organized as follows. Section 2 gives an analytical overview of the potential effects of commodity price instability on public finance. Section 3 deals with methodology, volatility measurement and data. Section 4 presents our results. Section 5 summarizes our empirical findings and discusses the policy implications of the study.
The effects of commodity prices on tax revenues

Commodity price levels and public revenues
The impact of commodity price on tax revenues is expected to be different for imports and exports. In addition, it is useful to consider both microeconomic and macroeconomic effects. Microeconomic impact may be broken up into 3 analytical mechanisms: i) the direct price effect (incidence effect), ii) the tax rate effect and iii) the volume effect.
The incidence effect relies on taxes collected on tradable goods whose value has changed. It depends upon the initial structure of commodity production and consumption and the initial tax structure on commodities. Higher prices of import commodities should have a positive incidence on taxes levied on imports. This "price effect" may be supplemented by a "tax rate effect". The government may react to the price shock by implementing some policy changes, typically by providing temporary tariffs or VAT exemptions on food products and oil 2 . Governments in developing countries have widely used this tool since 2007 (see annex 1 and annex 2 for a country-by country description of the measures implemented). Lastly, the rise in food prices could induce a reallocation of food consumption towards cheaper goods; either imported or domestically produced, and this would reduce tax base (negative volume effect). The latter effect is not straightforward and its magnitude will be small if there are few substitutes to commodities whose price has risen (this is particularly true for gas).
In addition to these microeconomic effects, a commodity price increase can also induce several macroeconomic effects. Typically, the country which is a net importer of the commodities whose price has risen will face a drop in its national revenue. Direct taxes (profit taxes and income taxes) will therefore decrease. Theoretically, the drop in national revenue may produce a real exchange rate depreciation, but this effect seems small enough to be ignored. Globally, this macroeconomic channel is expected to be weak and medium-run. Hence, as far as imports prices are concerned, the overall short-run effect effect is ambiguous, (price effect potentially offset by a tax rate effect), while the medium-run effect is also ambiguous but presumably weak (see annex 3 for a synthesis of the different effects).
Let us explore the consequences of a shock on export prices, using the breakdown of mechanisms previously used for import prices. The price effect relies on taxes levied on the export sector. First, export taxes have been widely removed since the eighties, but still exist (Droit Unique de Sortie (DUS) used for cocoa and other commodities in Cote d'Ivoire, DUS and registration tax on cocoa in Cameroon, for instance). Second, the export sector is taxed through the profit tax. Third, the main contribution of oil and minerals sectors is drawn from non-tax revenues (royalties, production sharing contracts (PSC), …). The impact on public revenues will also be positive if production is made by State-Owned Enterprises (SOE) (through dividends), or if marketization is managed through a public body. This positive price effect may be enhanced by a tax rate effect if an ad hoc taxation is implemented to deal with the exports boom (windfall gain taxation) 3 . Many countries have implemented stabilizing taxation when they experienced trade booms, as suggested widely by international institutions (Bevan et al., 1993) . The rationale behind this taxation is to allow a high saving rate on the windfall gains, which would otherwise be consumed by the private sector. The short-run price and tax-rate effects are thus clearly positive but presumably small given the weak taxation of exports. As for imports, medium-run effects must be considered. First, high world prices give an incentive to increase production, but the smaller is the price elasticity of supply (a frequent feature of agricultural production in developing countries), the smaller will also be this volume effect. Second, the microeconomic impact is inevitably supplemented by macroeconomic effects when the country is highly dependent from its exports. First, the positive shock on exporter's revenues will spread over the economy and eventually lead to a change in the tax base of profit taxes and personal income taxes. Second, the trade shock induces a variation in the relative prices of tradable and nontradable goods. Typically, a positive trade shock will eventually lead to a real exchange rate appreciation (Dutch disease), which usually reduces taxes actually collected for any given level of the overall tax base. The relative price effect may partly offset the positive revenue effect, but a full offsetting is unlikely. Therefore the overall medium-run impact of a rise in the price of exported commodities is rather positive.
Commodity price instability and public revenues
The implications of commodity price instability may be explored using the short-run and medium-run mechanisms detailed above. Three channels can be identified in the short-run. Firstly, since taxes on imports are mainly ad valorem taxes, the relationship between any commodity price and tax proceeds drawn from this commodity is linear; hence price instability will have no impact on average tax revenues (gains during high price phases are strictly offset by losses when prices are low). Secondly, contrary to the price effect, the tax rate effect is not expected to be null: tax exemptions on food and oil imports granted in times of high prices are not compensated by increased tax rates during periods of low prices and these asymmetries therefore lead to a net loss of tax proceeds when the price of imports is volatile. Thirdly, volatility may also have some negative volume effect, since a strong volatility of prices gives an incentive to substitute the goods imported by less price volatile goods to dampen uncertainty on import bill. Regarding medium-run effects, the volatility of commodity prices has several macroeconomic effects that were underlined in the literature. Indeed, commodity price volatility (of either imports or exports) leads to GDP volatility, which decreases GDP (Ramey and Ramey, 1995) and therefore reduces the tax base and lowers tax revenues. The volatility of commodity prices is thus expected to have a negative impact for both imports and exports through the macroeconomic channel, but clearly weaker for imports since imports are markedly more diversified than exports. Therefore the short-run and medium-run effects of commodity import price volatility are expected to be negative, but smaller in the medium-run.
The differences in microeconomic effects between import and export price variations induce differences in the impact of volatility. A common feature of profit tax and non-tax revenue is to be "margin taxation". Therefore, proceeds from this kind of taxation will be strongly non-linear with respect to the price of commodities, i.e. the proceeds will be very small -or even null -when commodity price is weak, but will grow faster than the commodity price when the price is high. Oil taxes, either through a conventional profit tax or through a production sharing contract (PCS), typically rise more than proportionally when price goes up (Leenhardt, 2005) . Therefore, we can expect the price volatility effect to be null (exports with ad valorem taxes or with almost no taxation) or positive (oil and minerals). Volatility is also expected to have a positive impact through the tax rate effect: tax rate increases in response to export price spikes lead a net gain when price is volatile. Volatility may however have some negative volume effect, since a strong volatility of prices gives an incentive to substitute the goods exported by less volatile goods to dampen uncertainty on profits. The macroeconomic effects of export price volatility are expected to be similar to that of import prices but, in large commodity-exporting countries, the price volatility will have a stronger impact notably because it will also induce lower foreign investment (Blattman et al., 2007) which can in turn result in lower tax collection. Therefore, we expect a positive short-run impact of export price volatility (through the price and tax rate effects) but a negative medium-run impact (through volume and macroeconomic effects).
To sum up, the high prices of imported commodities have an ambiguous impact on public revenues while the volatility of these prices has a clear negative effect, in both cases, mainly in the short-run. Conversely, the high prices of exported commodities have a clear positive impact on public revenues while volatility has an ambiguous effect, in both cases, mainly in the medium-run. This survey of the various effects of commodity price level and instability shows the need to investigate empirically the impact of commodity price volatility (and not only of price levels) and to distinguish imported and exported commodities.
Existing empirical literature
Among the scarce existing studies dedicated to a statistical analysis of the relationship between commodity prices and public finance, most of them focused on the incidence of a shock in the prices of commodities on overall tax revenues or fiscal balance rather than the incidence of the volatility of these prices. Using descriptive statistics, Talvi and Vegh (2005) show that fiscal policy tends to be procyclical in developing countries. They argue that exogenous shocks on the tax base (of which commodity price variations are the main factor) lead to an optimal procyclical fiscal policy that aims at avoiding the misuse of budget surpluses during booms. Medina (2010) -using a VAR methodology on Latin American and high income commodity-dependent countries -shows that there is a significant heterogeneity of fiscal responses between countries. The pattern of the fiscal response to commodity price shocks is similar to high income countries in Chile (small impact on total revenues and almost no impact on primary expenditures) while both revenues and expenditures react strongly to shocks in Venezuela and Ecuador (more dependent from exports of commodities) i.e. both revenues and expenditures increase in case of a positive commodity price shock. Kumah and Matovu (2007) , using the same methodology on Russia and three central Asian countries, find a significant response of revenues and expenditures to variations in commodity prices, thus indicating a "commodity-dependent" pattern.
A more disaggregated analysis that distinguishes different tax categories (meso-analysis) and/or identifies policy changes is made only in case studies. The goal of Collier and Gunning (1999) is clearly broader than fiscal policy, since it aims at analyzing the impact of trade shocks on aggregate savings, investment and productivity. The study of public finance is thus an instrument to understand the ultimate effects of trade shocks, but it gives valuable and rich information on fiscal responses. Their main finding is the strong heterogeneity of both initial tax structure on commodities and fiscal responses to commodity price shocks. Despite the heterogeneity of the initial taxing structure in various countries, governments share a strong capacity to capture the financial gains (or losses) induced by a commodity price shock. This capacity relied on stabilization mechanisms in many countries: a marketing board in Ghana during the 1976-77 cocoa boom, the Caisstab in Cote d'Ivoire during the 1976-79 cocoa and coffee boom, the CPSP (Caisse de Péréquation et de Stabilisation des Prix) in Senegal during the 1974-77 groundnut and phosphates boom, etc... When no stabilization mechanism was in place, indirect taxes have been the main channel of tax revenue changes (as in Kenya during the 1976-79 coffee boom). The heterogeneity is even larger as far as policy reactions are concerned. Some countries raised significantly their effective tax rate (Kenya, Bolivia), while others kept it unchanged (Colombia, Bostwana) or decreased it (Cameroon, Senegal) during price spikes 4 . 4 Collier and Gunning (1999) , table 1.6, p.44.
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While the effect of variations in the level of commodity prices on public finance has been studied, there is however -to our knowledge-a lack of analysis of the impact of commodity price instability on public finance. This study aims at filling this gap by testing the impact of various measures of this instability on tax revenues and by identifying the various channels of transmission.
Methodology and Empirical Framework
Our analysis stretches over the period 1980-2008 and covers 90 developing countries (see Annex 4 for the list of countries and annex 5 for descriptive statistics). Over this period, several episodes of high volatility of the commodity prices occurred. For instance, in the 1980s, the price of silver declined of 50% between the years 1980 and 1981, from 2080 dollars to 1052 dollars, decreased further of 25% in 1982 to reach 793 dollars and one year later, in 1983, bounced back to 1143 dollars. In the 1990s, the international price of cocoa more than doubled between 1993 and 1994, rising from 70 dollars to 148 dollars. One additional example of an instability episode is when the price of coal doubled in 2004 from 28 dollars to 57 dollars and then strongly increased to reach 136 dollars in 2008.
From Table 1 , we can notice that the export and import dependence on commodities of these countries decreased over time but, in 2008, commodities were still accounting for more than 31.8% of the exports and 17.9% of the imports. Huge differences can be highlighted across regions, SubSaharan African countries and Latin American countries being significantly more concentrated on commodity exports than Asian countries. Regarding imports, Asian countries are however importing a larger share of commodities in their total imports than the other developing countries. 
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The price level and volatility of imported commodities should affect all the developing countries given that the degree of reliance on commodities of the imports is relatively homogeneous across countries. However, the degree of dependence of exports on commodities ranges between almost zero and 100% according to the country and therefore, the incidence of variations in commodity export prices might be mostly interesting to study in large commodity exporter countries. For the analysis of the export commodity side, we therefore follow Bleaney and Greenaway (2001) and focus on a sub-sample of developing countries where primary products account largely in their exports. On average over the period 2000-2008, primary products accounted for more than 60% of the exports of these countries. The 34 countries retained are listed in Annex 6 and the corresponding descriptive statistics are provided in Annex 7.
Following Deaton and Miller (1999) and Dehn (2000), we construct, for each developing country in our sample, a country-specific index of commodity prices that geometrically weight together the international prices of 41 commodities, using common international prices but fixed individual country weights. The country-specific commodity import price indices are therefore calculated such that:
where p c,t is the international price of commodity c in year t. The weight w i,c is an average over the period 2000 to 2008 of the share of commodity c imports in total commodity imports of country i. The weight of each commodity is then held constant over time. The country-specific commodity export price indices are calculated in a similar way, the weight w being for exports instead of imports. Forty-one commodities are distinguished and their international prices are drawn from IMF data. Among agricultural commodities, we consider: bananas, barley, beef, cocoa, coffee, cotton, groundnuts, hides, lamb, maize, olive oil, orange, palm oil, pork, poultry, rice, rubber, salmon, sawnwood, shrimp, soybean oil, soybean, sugar, sunflower oil, tea, wheat, wool corse, wool fine; among minerals: aluminium, copper, iron ore, lead, nickel, tin, uranium, zinc, gold, silver and among energetic commodities: coal, gas and oil. The share of these commodities in the imports and exports of each country are obtained from WITS with the SITC 2 classification disaggregated over 4 digits. Table 2 gives some illustrative examples of countries largely dependent on one given commodity. The country-specific price indices are then deflated by the unit value index of advanced economies exports, taken from the International Financial Statistics of the IMF. As first evidence, the relationships between these country-specific commodity price indices and our variable of interest, namely tax revenue are depicted graphically in Annex 8. According to these correlations, the prices of both imported and exported commodities are positively associated with tax revenue.
The volatility of commodity prices is assessed through two distinct measures. The standard deviation is the most common indicator of variability (Mendoza, 1997 , for terms of trade volatility or Aghion et al., 2009 , for exchange rate volatility, among others). We therefore firstly measure commodity price volatility as the standard deviation of the first-difference of the deflated country-specific price indices. The volatility of the composite price indices which is calculated can however under-estimate the volatility really faced by a country. Indeed, the variations of two commodity prices in opposite directions can be neutralized within the price index, resulting in only a low volatility of the price index. To avoid this compensation mechanism and asses the total volatility which is affecting countries, we propose a second measure of volatility. We compute the volatility of each of the 41 commodity prices by taking the standard deviation of the first-difference of the deflated prices. We then compute the country-specific commodity price volatility as the weighted average of these 41 price volatilities. The weights for each commodity are those used to construct the country-specific price indices.
In order to test the theoretical mechanisms identified above, we build a short-run volatility measure (used for import prices) based on monthly data for each year, and a medium-run volatility measure (used for export prices), computed using yearly data over five-year rolling windows (following Bekaert et al., 2006) .
To assess the impact on public revenues of variations in both the levels of commodity prices and the volatility of these prices, the basic estimated equation, for the import side, is of the following form:
This equation will be also estimated separately for each imported commodity category (agriculture, minerals and energy).
5 However, given the high concentration of commodity exports on a few products at the country level, this disaggregation of exports price into three categories is not feasible.
For the sub-sample of large commodity exporting countries, the estimated equation will be:
where i and t are country and time period indicators respectively, the dependent variable T is the tax revenue as part of GDP and will be either total government revenue, excluding grants, or one of the disaggregated tax revenue category (income taxes, domestic indirect taxes, trade taxes). Collier and Goderis (2007) , to allow the effect of 5 A more disaggregated approach (product by product) is theoretically appealing, but unfortunately not feasible for two main reasons: ii) individual commodity prices variations correspond to a common shock for all countries, already captured by time fixed effects, ii) a simultaneous test of the different product prices would imply too many right hand side variables (with strong correlations between them). import and export price volatility to be larger for countries with higher imports and exports, the country-specific volatility of imported and exported commodities were weighted respectively by the share of imports and exports in the countries' GDP.
The vector X captures other explanatory variables affecting tax revenue. Drawing on the empirical literature that models the share of tax revenues in GDP (Adam et al., 2001; Khattry and Rao, 2002; Keen and Lockwood, 2010) , we include the following variables as control. The lagged dependent variable controls for the persistence of tax revenues. The GDP per capita is a proxy for the tax base and the tax administration capacity, higher level of per capita income is usually found to be positively related to domestic tax revenues. The structure of the economy is proxied by the share of agriculture in GDP usually negatively associated with the domestic tax revenues over GDP ratio (agriculture, in particular the subsistence sector is less easily taxed than industry and services). The degree of openness should be positively associated with domestic tax performance given that, in developing countries, a large part of the taxes are collected at the borders. Higher inflation is supposed to reduce domestic tax yields according to the Tanzi Olivera effect. Theory suggests that foreign aid may have some impact on public revenues; recent evidence shows that foreign aid (especially grants) has been associated with increases in tax revenues (Brun et al., 2007; Clist and Morrissey, 2011) . We also include the proportion of the population under 14 years, the tax ratio usually being increasing with the number of dependent in the population. All these variables are from the World Development Indicator (WDI) database.
The OLS estimator becomes inconsistent because the lagged level of tax revenue is correlated with the error term due to the presence of country fixed effects (Nickell, 1981) . One way to handle these issues is to use the Generalized Method of Moments (GMM) technique (Blundell and Bond, 1998) . The System-GMM estimator combines, in a system, first-difference equations, where the right-handside variables are instrumented by lagged levels of the series with an additional set of equations in levels, using lagged first differences of the series as instruments. We will also present the AR(1), AR(2) and Hansen tests to ascertain that the econometric results are consistent.
Results
The effect of commodity import price level and volatility
The results with the GMM-System estimator are presented in Table 3 (first measure of volatility) and Table 4 (second measure of volatility). The first two columns present the results for the total government revenue, excluding foreign aid, whereas in the six subsequent columns, the results represent the three different categories of taxes, namely income taxes, domestic indirect taxes and taxes on international trade. For each dependent variable, we use successively the aggregated price index (columns 1, 3, 5 and 7) and disaggregated price indexes (columns 2, 4, 6 and 8)
Increased prices on the imported commodities appear to lead to more taxes being collected. The effect is non-negligible, an increase of 10% in the price index leading to a rise of 0.36 percentage points 6 in the total revenue ratio over GDP. The channel of this positive impact is difficult to identify since none of the categories of taxes appear to be significantly positively affected by increased import prices. This weakly significant effect can be explained by the presence of tax exemptions (either tariff rate decreases or indirect consumption tax rate decreases) in times of high prices and therefore even though the tax base is higher (because of the increased price of imports) it does not necessarily translate into higher taxes being collected. Looking at the disaggregated effects by category of commodities (agricultural, minerals and energy), we can notice a strong heterogeneity of results. The price of agricultural products has a positive impact on total tax revenues, but this impact cannot be identified among disaggregated revenues. Trade taxes are positively affected by energy prices, but the impact on total revenues is not significant. Lastly, energy prices exhibit no impact on total revenues or on any specific tax component.
Regarding the short-run volatility of the prices of these imported commodities, we can see that it is leading to decreased tax revenues. The result originates from domestic consumption taxes and taxes on international trade which are negatively affected by the volatility of the commodity import prices. We may notice that international trade taxes are more vulnerable than consumption taxes to price volatility (the negative marginal impact being roughly twice as large, see columns 5 and 7). This negative effect of volatility can be explained by the existence of asymmetries where tax exemptions on imported goods are granted in times of price spikes resulting in lower taxes being collected but during times of low prices, tax rates are not increased and thus do not result in more taxes being collected. The negative impact of short-term volatility on tax revenues is hardly identified when commodities are disaggregated; the impact is identified either only on total taxes (energy) or on disagregated taxes (minerals and agriculture).
The control variables included in the model exhibit the expected sign. The lagged dependent variables and imports are significantly positively associated with tax revenues. The value added in the agriculture sector is inducing decreased consumption taxes being collected and so does the GDP. The remaining control variables are non-significant. AR(1), AR(2) and Hansen tests confirm the adequacy and the validity of our instruments.
With this first measure of volatility, the variations in the price of different commodities can be compensated, the commodity price volatility being therefore lower than what is really faced by governments. Estimations using an alternative measure of the commodity price volatility are given in Table 4 .
The results presented in Table 4 exhibit only few differences compared to those obtained using the conventional measure of volatility. The negative impact of import price volatility on tax revenues is significant at the 1% level and originates from consumption and international trade taxes, confirming our previous result. Again, the detrimental effect of volatility is larger for international trade taxes than for consumption taxes. Differences on estimations using disaggregation of tax revenues price indexes are only minor. The negative impact of agricultural price volatility is stronger than previously (significant for total tax revenues) while the impact of energy price volatility is no longer significant. From these disaggregated measures of volatility we can also remark that the largest marginal negative impact of import price volatility appears to originate from agricultural products. Note: Robust standard errors in brackets. ***, ** and * denote significance at the 1%, 5% and 10% levels respectively. Constant and country fixed effects included but not reported. Two-step GMM using the Windmeijer (2005) correction with collapsed instruments. The price indices and volatility, the population below 14 and the agricultural value-added are treated as exogenous whereas imports and the lagged dependent variable are considered as predetermined and the level of GDP per capita and of aid per capita as endogenous. The number of lags used to instrument variables varies from one dependent variable to another. In the four first columns, predetermined variables are instrumented with their 1st to 4th-order lagged values and endogenous variables by 2 nd to 4th-order lagged values. In columns 5 and 6, predetermined variables instrumented with 1st to 3rd-order lags and endogenous variables with 2nd to 3 rd -order lags. In columns 7 and 8, predetermined variables instrumented with 1st-order lags and endogenous variables with 2nd to 3rd-order lags.
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The effect of exported commodity price level and volatility
Turning now to the export side, Table 5 reports the estimation results with the System-GMM estimator and our first measure of commodity export price volatility. Both the level and the mediumrun volatility of commodity export prices appear to significantly influence total public revenue (column 1). Higher prices for exported commodities have significantly large positive impacts on the total revenue collected in exporting countries. Indeed, an increase of 10% in the price index will lead to a rise of 0.66 percentage points in the total revenue ratio over GDP. For the mean level of total revenue in our sample of exporting countries (18.3% of GDP), this 10% increase in the commodity export prices could lead to a rise of about 3.5% of total revenue.
However, increased volatility of these international prices moves significantly the revenue ratio in the opposite direction. Therefore, a country with a one standard deviation greater level of volatility than the mean, which corresponds to a rise of 79.5%, will mobilize 0.47 percentage point 7 less tax revenue over GDP than the sample average. We therefore provide evidence that volatile prices for exported commodities are negatively affecting tax revenues.
The control variables exhibit the expected signs with a larger dependent population and a higher level of GDP per capita being positively and significantly associated with total government revenue over GDP. Moreover, the AR(1), AR(2) and Hansen Tests confirm that our estimation results are reliable.
The subsequent columns (2 and 3) present the effects on the different components of government revenue that might be affected by variations in exported commodity prices. In column 2, the dependent variable is the sum between the non-tax revenue and the income tax revenue. Indeed, a substantial effect of export prices on revenue can happen either through the non-tax revenue or through the income tax revenue depending on which arrangement the countries did set in their mining or petroleum investment codes (payments through dividends with a state participation in the companies, through royalties or only through profit taxes). Given the large variety of systems across countries, we retain as dependent variable the sum of non-tax and income tax revenues to include any situation prevalent in our sample of countries.
The identified positive effect of commodity export prices on tax revenues seem to originate in the joint category income and non-tax revenue. A rise in the commodity export prices increases the collection of these revenues whereas export price volatility negatively affects them. An enhancement of export prices leads to higher tax revenues, as developed in section 2.1, through both the price and tax rate effects and the macroeconomic effects of increased growth and investments. The volatility of terms of trade has been however found to induce less foreign investment (Blattman, 2007) and therefore this adverse macroeconomic effect can lead to less tax revenues being collected. In column 3, as expected, there is no evidence of significant impact of the level of exported commodity prices on indirect taxes revenues. Nevertheless, medium-run volatility is detrimental to these indirect tax revenues (presumably through a revenue channel). Note: Robust standard errors in brackets. ***, ** and * denote significance at the 1%, 5% and 10% levels respectively. Constant and country fixed effects included but not reported. Two-step GMM using the Windmeijer (2005) correction with collapsed instruments. The price indices and volatility, the population below 14 and the agricultural value-added are treated as exogenous whereas imports, exports and the lagged dependent variable are considered as predetermined and the level of GDP per capita and of aid per capita as endogenous. The number of lags used to instrument variables varies from one dependent variable to another. In the first column, predetermined variables are instrumented with their 1st-order lagged values and endogenous variables by their 2 nd -order lagged values. In column 2, predetermined variables instrumented with 1st to 3rd-order lags and endogenous variables with 2nd to 4th-order lags. In column 3, predetermined variables instrumented with 1st to 3rd-order lags and endogenous variables with 2nd to 3 rd -order lags.
In Table 6 , we test the robustness of these results by using our alternative measure of commodity export price volatility. The first column of the Table reports the estimation for total government revenue as a share of GDP, confirming our previous result that the price volatility of export halshs-00658210, version 2 -13 Mar 2012 commodities is detrimental for tax revenue collection. The effect appears to be even larger with this second indicator of the price volatility than with the previous one given that, as explained previously, there is no compensation between the volatilities of different commodities in this second indicator. The marginal impact stands at -1.119, which corresponds to a loss of 0.65 percentage point of revenue when the price volatility increases of one standard deviation. The positive relationship between commodity export prices and revenue also holds, which is consistent with the results established by Medina (2010) with time-series analyses for Latin American and high-income commodity-exporting countries and by Kumah and Matovu (2007) for Russia and three central Asian countries. These effects robustly arise from one component of government revenue, namely income taxes and non-tax revenues.
Globally, the results displayed in Table 5 and 6 illustrate an additional important aspect of the impact of the commodity export price volatility that has never (to our knowledge) received attention: price volatility of exported commodities leads to decreased tax revenues.
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Conclusion and policy implications
In this paper we estimated, on a sample of 90 developing countries over the period 1980-2008, the impact on fiscal revenues of commodity price volatility rather than focusing only on price levels. We used disaggregated data on tax revenues (income tax, consumption tax and international trade tax) and on commodity prices (agricultural products, minerals and energy) in order to identify the transmission channels between world commodity prices and public finance variables.
Our analysis suggests that tax revenues in developing countries increase with the prices' rise of either imported or exported commodities. For imported commodities this increase in fiscal revenue is due to more tariffs being collected but, because of the numerous tax exemptions granted in times of high prices, the positive impact on tax revenue may not always happen. In our sub-sample of large commodity-exporting economies, the effect is more straightforward: the tax revenue increases due to an export price spike are originating in more profit tax and non-tax revenues, such as dividends or royalties, being collected on companies which are producing primary products.
We find however robust evidence that international commodity price instability, both for imported and exported products has an adverse effect on tax revenues in developing countries. Import commodity price short-term volatility hurts indirect tax revenues while, export price medium-run volatility affects both direct taxes (income tax and non-tax revenues) and indirect tax (consumption tax and trade tax).
These results suggest several policy recommendations. First, this highlights further the importance of finding ways to both limit this international price volatility (through world markets regulation for instance) and manage the macroeconomic effects of the price instability (through national policies). Second, the shift from trade tax to consumption taxes could be expected to reduce the vulnerability of tax revenues to commodity price level and volatility. Third, the negative effect of import price volatility being partly due to the frequent use of tariff or tax exemptions on some primary products, the adequacy of these temporary tax exemptions should deserve further examination. 
